Transferrins belong to a group of homologous iron-binding glycoproteins present in all vertebrates (for review see: Loehr, 1989; Crichton, 1991) . Main forms of this protein include serum transferrin from different species, ovotransferrin from avian egg white and lactotransferrin from mammalian milk (Aisen and Listowsky, 1980) . These glycoproteins possess a single polypeptide chain with a molecular weight of about 80 kDa folded up to give two similar lobes, N-and C-terminal, each with a single binding site for Fe (III) (Aisen and Listowsky, 1980) . Remarkable differences among transferrins can be seen taking into account the carbohydrate moiety, the so-called glycan, attached to the polypeptide backbone. In fact, whereas both human serum transferrin and lactotransferrin present two N-glycans, exclusively located in the C-lobe in human serum transferrin and symmetrically distributed in lactotransferrin, hen ovotransferrin possesses a single N-glycan at the C-lobe (Metz-Boutigue et al., 1984) . Moreover, the glycans of most serum transferrin and lactotransferrin are mainly biantennary and terminating in sialic acid residues (Spik et al., 1975 (Spik et al., , 1982 , but interestingly, the glycan of hen ovotransferrin shows a tetra-antennary structure terminating in N-acetylglucosamine (Dorland et al., 1979) . As found for transferrins (De Jong et al., 1989; Léger et al., 1989) and many other glycoproteins (Kobata, 1992) , glycans could be involved in recognition mechanisms, and in the case of transferrins also in iron delivering (Bomford and Munro, 1985) . Being in most instances interested in the purification and characterization of glycans, deglycosylation is usually carried out in harsh conditions for the protein moiety; but in many other cases, where it is necessary to understand the role of glycans in protein structure/function relationship, deglycosylation should be performed in conditions "mild" enough to keep glycoproteins in their native or active state. Thus, in the present paper, a method we already described (D'Andrea et al., 1993) , was adopted to obtain exhaustively deglycosylated hen ovotransferrin in "mild" denaturing conditions. Results were then compared with two other standard deglycosylation approaches both based on harsh conditions, i.e., the chemical method reported by Edge et al. (1981) , and the "hard" standard enzymatic approach.
As shown in Figure 1A , when samples were stained with Coomassie brilliant blue, a main band could be seen, with an apparent molecular weight compatible with that of the full-lenght hen ovotransferrin (OTf) molecule, purified according to Williams (1968) . This apparent molecular mass shifted from ∼80 kDa ( Figure 1A , lanes 2, 5-9) to ∼78 kDa ( Figure 1A, lanes 3, 4, 10) . Thus, efficient deglycosylation was achieved when OTf was treated either with trifluoromethanesulphonic acid (TFMS), or in "hard" enzymatic conditions, or preincubated with 0.1% (w/v) SDS + 0.5 % (v/v) NP-40 (D3) and subsequently treated with peptide N-glycosidase F (PNGase F). This finding was confirmed by lectin blotting; when a duplicate gel was probed with concanavalin A (Con A), a lectin which recognizes both branched mannose and β-N-acetylglucosamine residues, only a faint staining appeared when the sample was subjected to "hard" enzymatic conditions ( Figure 1B Figure 1B ) indicated that N-linked side chain was still bound to OTf. Parallel behavior was observed when samples were analyzed by immunoblot. In these experiments, all the OTf samples were recognized by polyclonal anti-native OTf antibodies, obtained following the procedure reported by Campbell et al. (1974) , but the sample treated with TMFS ( Figure 1C , lane 3), the sample subjected to "hard" enzymatic conditions ( Figure 1C , lane 4), and the sample preincubated with 0.1% (w/v) SDS + 0.5% (v/v) NP-40 (D3) and then subjected to digestion with PNGase F ( Figure 1C , lane 10) all gave a faint positive band. As determined by the Con A binding assay (Rhodes and Ching, 1993) , the much more efficiently deglycosylated OTf forms, that is, the sample TFMStreated, the one treated in "hard" enzymatic conditions, and the sample treated in "mild" enzymatic conditions (detergent mixture D3) underwent a 98%, 92%, and 87% (w/w) of glycan removal, respectively (Table I) . Moreover, binding studies showed that the maximum value of bound 125 I-OTf molecules per cell (B max ) was essentially the same being about 3.15 × 10 5 for native OTf and 2.95 × 10 5 for OTf deglycosylated in "mild" conditions, respectively (Table II) . Iron delivering, measured as 59 Fe atoms delived per cell per min did not appreciably changed for both native and "mildly" deglycosylated OTf (1.28 × 10 4 and 1.13 × 10 4 , respectively; Table II ). The other deglycosylated OTf forms were also tested but no one was able neither to bind nor to deliver iron to chick-embryo red blood cells (CERBCs) (data not shown).
Conclusions
It is now accepted that glycan(s), that is the carbohydrate side chain(s), in glycoconjugates can play different fundamental biological roles (Rademaker et al., 1988) ; thus, complete carbohydrate removal is often desirable, but difficult, because the secondary and tertiary structures of the polypeptide chain may . Chemical deglycosylation of OTf using TFMS, was performed as described previously (Edge et al., 1981) . Enzymatic deglycosylation schedules were as already reported (D'Andrea et al., 1993) . SDS-PAGE was performed according to Laemmli (1970) using 10% polyacrylamide gels stained with Coomassie brilliant blue or subjected to electroblot as described previously (Burnette, 1981) . For glycoprotein visualization the staining solution was made according to Young (1989) . In all cases the protein concentration was determined either by absorbance at 280 nm (E 280 = 111.44 mM -1 cm -1 ) (Brown- Mason et al., 1987) or by Bio-Rad protein assay, based on a dye-binding procedure (Bradford, 1976). obstruct or prevent the enzymatic action of glycosidases. In the case of OTf, exhaustive deglycosylation under conditions mild enough was particularly challenging. In particular, to better investigate in the future the role of the glycan in OTf, preincubation with three different detergent mixtures (1 h, 37_C) was performed before enzymatic deglycosylation (24 h, 37_C). However, in a first attempt we tried to deglycosylate OTf with 4-10 U PNGase F at 37_C for 12-48 h, but samples were found strongly positive when stained after Con A blot, indicating the continued presence of glycans in our glycoprotein (data not shown). Then, different detergents were chosen as single or as mixture as being likely to keep PNGase F highly active (Haselbeck and Hösel, 1988) . Thus, an efficient removal of N-glycans was obtained only when D3 mixture was added to the incubation medium prior to the PNGase F ( Figure 1A-C, lane  10) . Nevertheless, in other similar deglycosylation studies, a different detergent mixture (Long et al., 1991) or stoichiometric amounts of PNGase F (Langer et al., 1987) have been found to be successful. Anyway, for our purpose we tried also other experimental "mild" conditions (mainly different incubation times, and different amounts of PNGase F), but in the present study conditions which gave the best results in the shortest incubation time and with the minimum amount of PNGase F, have been reported. For binding studies, CERBCs collected from 14-day-old chick-embryos were prepared and treated as reported previously D'Andrea et al., 1995) and put in the presence of 125 I-OTf at various concentration (1-50 µM). 125 I-Labeling was performed according to Oratore et al. (1989) with specific activity ranging from 5.3 × 10 4 to 6.1 × 10 4 Ci/mol of protein in different preparations. For iron delivering experiments, the experimental protocol adopted was essentially the same as previously reported (Williams et al., 1992; D'Andrea et al., 1995) . 59 Fe-labeling protocol was as described previously (D'Andrea et al., 1995) with protein specific activity ranging from 50 to 100 Ci/mol. M-OTf, OTf "mild" enzymatically treated (detergent mixture D3). a Bound 125 I-OTf molecules per cell. The amount of ligand was corrected for nonspecific binding . Results are means of three separate determinations with SD less than 6%. b59 Fe atoms delivered per cell per min. Results are means of three separate determinations with SD less than 3%.
vii Interestingly, polyclonal anti-native OTf antibodies bound poorly to TFMS chemically-treated OTf, "hard" enzymatically-treated OTf, and D3-PNGase F-treated OTf ( Figure 1C, lanes 3, 4, 10) , hypothesizing that antibodies could mostly be directed against the N-linked oligosaccharide side chain of OTf, although a modification of protein conformation should be also envisaged after deglycosylation. Furthermore, since OTf glycan represents about 3% of the mass of the native protein (Spik et al., 1988) , it appeared probable that these sugar antigenic determinants were strongly immunogenic.
In determining the degree of deglycosylation judged by Con A binding assay, even if both the "hard" enzymatic and the chemical approach were the most effective, they are to much detrimental for biological activity of OTf; moreover, following the method described by Edge et al. (1981) about 45% of protein was lost during the many steps the procedure requires (data not shown). In the case of enzymatic deglycosylations the removal of sugar was slight less efficient, but no loss of protein occurred, although in the case of "hard" conditions OTf looses its biological activity. Of course, best deglycosylating conditions should be tried and found for each specific molecule, but the "mild" approach we adopted in the present study and in the past (D'Andrea et al., 1993) could certainly be tested also for other glycoproteins or glycoconjugates.
Eventually, based upon our previous studies (Oratore et al., 1989 (Oratore et al., , 1990 Williams et al., 1992) , binding and uptake experiments here reported show, as well as appeared in a recent study (Hoefkens et al., 1997) , that our OTf, deglycosylated in "mild" conditions, is able both to bind and to deliver iron to CERBCs indicating the retention of biological activity also when OTf is presented without its N-glycan. In particular, binding capacity, measured as B max , for control cells was only 7% higher than OTf deglycosylated in "mild" conditions (3.15 × 10 5 versus 2.95 × 10 5 , respectively; Table II) ; iron delivering, measured as 59 Fe atoms delivered per cell per minute, was around 13% more for control OTf with respect to OTf deglycosylated in "mild" conditions (1.28 × 10 4 versus 1.13 × 10 4 , respectively; Table II) . Then, as already reported in the above cited paper (Hoefkens et al., 1997) where deglycosylated human transferrin is shown to be biologically active as well as the native form, it seems that the presence of carbohydrate side chain in OTf too do not represent a prerequisite for binding to its specific receptor and then deliver its iron.
Lastly, as in our previous study (D'Andrea et al., 1993) , we report a procedure for deglycosylating native OTf under "mild" denaturating experimental conditions making use of detergent preincubation before enzymatic deglycosylation, in addition, compare the effect of three different deglycosylating approaches on the extent of deglycosylation, test the immunoreactivity of the deglycosylated forms of OTf, determine the degree of deglycosylation and, eventually, we show that OTf deglycosylated according to our "mild" approach is still able to keep most of its biological activity.
